INTRODUCTION
It has been well established that the right cerebral hemisphere (RH) plays a role in language comprehension (see reviews in Beeman & Chiarello, 1998; Chiarello, 2003) and that damage to the right side of the brain (RHD) can result in language comprehension deficits (Blake, 2011; Benton & Bryan, 1996; Côté, Payer, Giroux, & Joanette, 2007; Joanette, Goulet, & Hannequin, 1990; Myers, 1979; Tompkins, Klepousniotou, & Gibbs Scott, 2012) . Important questions remain about the specific nature of the processing deficits, the effects of the hypothesised deficits on broader language abilities, and how to treat the deficits.
Evidence is fairly consistent for an RH role in semantic processing. In various priming studies of healthy young adults, results suggest that the RH activates and/or maintains activation of related word meanings and features that are relatively distant (Atchley, Burgess, & Keeney, 1999; Burgess & Simpson, 1988; Klepousniotou & Baum, 2005 ; but see Fassbinder & Tompkins, 2006 , for cautions in interpreting priming results). These include subordinate, secondary, or less common meanings of ambiguous words (Burgess & Simpson, 1988; Klepousniotou & Baum, 2005) ; weakly related meanings; and distant features (Atchley et al., 1999) . Beeman (1998; JungBeeman, 2005 ) incorporated these findings into his fine/coarse coding model of semantic processing. This model suggests that the left hemisphere (LH) uses fine semantic coding in which, during initial processing of a word, the LH strongly activates a small semantic field and then quickly selects the most common meaning and/or closely related features. In contrast, the RH is proposed to use coarse coding to weakly activate a broader semantic field that can include multiple word meanings and a variety of features, including those that are quite peripheral to the word's core meaning. Activation of this broad field also is maintained temporarily in the RH. As an example, given the word "piano", the left hemisphere might quickly activate features like keys, music and black. The right hemisphere would more broadly activate semantic features such as melody, song, and lessons.
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The activation and maintenance of broad semantic fields, including distantly related, peripheral meanings and features, has been hypothesised to be a partially domain-general process (e.g., Anaki, Faust, & Kravetz, 1998; Beeman, 1993; Mashal & Faust, 2008; Richards & Chiarello, 1995; Titone, 1998) . This means that variations in coarse coding efficiency could affect multiple comprehension processes and performances. In this theoretical construction, coarse coding underlies various aspects of language comprehension, such as deriving figurative or implicit meanings, interpreting jokes, generating inferences that rely on overlapping semantic fields, and revising interpretations.
The majority of the semantic processing research has been conducted with healthy young adults, and results are extrapolated from processes observed in a healthy RH to provide post-hoc explanations of RHD deficits. Additionally, most studies focus on generation of multiple meanings of homonyms (e.g., Burgess & Simpson, 1988; Klepousniotou & Baum, 2005) . Tompkins and colleagues conducted two direct studies of coarse coding in adults with RHD focusing on activation of distantly related, or peripheral, features of unambiguous words. To maximise the likelihood that coarse coding processes were being tapped, extensive piloting was conducted to verify that the features were only peripherally related. Distantly related features were defined using methods from Atchley and colleagues (1999) . First, participants generated features of common, unambiguous words (e.g., apple). Features mentioned by 10 -24% of participants were considered distantly related. These features were then rated in terms of how compatible they were with the most common mental image of the target concept. Those rated as incompatible (e.g., "rotten") were considered to be particularly distant. Results from the first study indicated that adults with RHD do activate and maintain a variety of peripheral meanings and features, including those that are distant but compatible with a common mental image (e.g., "crunchy"), but they have difficulty with features that are particularly remote from (and incompatible with) the core concept. Tompkins and colleagues' second study indicated that coarse coding deficits were related to general comprehension of narratives, particularly comprehension of implied meanings. Some stimuli and validation procedures from these studies were used in the current treatment, to verify that coarse coding processes were being tapped.
In the vein of classical stimulation-facilitation approaches to treatment, Contextual Constraint Treatment (CCT) was designed to facilitate basic language comprehension processes, including coarse coding, in adults with RHD. CCT is a novel, implicit, contextual stimulation treatment, which is intended to speed the targeted basic comprehension process (i.e., coarse coding). The implicit nature of CCT, which requires no direct responses to the treatment stimuli or post-stimulus questions, mimics natural comprehension and minimises the metacognitive and metalinguistic demands that often negatively affect performance by adults with RHD. Evidence from several studies suggests that adults with RHD tend to have difficulty when typical deficit areas are assessed metacognitively or metalinguistically, yet perform within the range of healthy adults when the same processes are assessed implicitly (e.g., Tompkins, 1990 Tompkins, , 1991 . For example, difficulties are noted in defining idioms (Kempler, Van Lancker, Merchman, & Bates, 1999; Myers & Linebaugh, 1981; Tompkins, Boada, & McGarry, 1992 ), yet in an implicit measure involving word monitoring, the same participants performed as well as a control group, indicating rapid processing of idiomatic meanings (Tompkins et al., 1992) . Another reason for using an implicit treatment is that participants with coarse coding deficits are generally accurate on coarse coding assessment tasks, but slow to respond. Thus, an implicit task requiring speeded responses should increase the speed and efficiency of a process that already functions sufficiently for accurate responding.
Contextual constraint is used in CCT to pre-stimulate or prime interpretations and features of words that adults with CC deficits would not otherwise activate in a timely manner. Blake (2009; Blake & Lesniewicz, 2005) and others have reported that adults with RHD, despite having other language processing deficits, are sensitive to strong contextual cues. This sensitivity allows them to perform as well as adults without brain injury on tasks requiring determination of an appropriate referent for ambiguous pronouns (Leonard, Waters, & Caplan, 1997a , 1997b , generation of predictive inferences (Lehman- , and comprehension of potentially ambiguous phrases or sentences (Brownell, Potter, Bihrle, & Gardner, 1986; Tompkins, Baumgaertner, Lehman, & Fassbinder, 2000; Tompkins, Lehman-Blake, Baumgaertner, & Fassbinder, 2001 ). The contextual constraint in CCT is designed to establish the focus of each stimulus item, which is the distantly related feature of a common noun. For example, sentences about a melody with words stimulate the concept of song that is a distantly related feature of piano.
Another reason for incorporating pre-stimulation in CCT is to assist in minimising erroneous or slow responses, by providing strong contextual support that is reduced only after fast and accurate responses. This taps into one of the components of the errorless (or error-limited) learning approach -beginning with maximal cues that are gradually faded after correct responses (e.g., Fillingham, Hodgson, Sage, & Lambon Ralph, 2003; Fillingham, Sage, & Lambon Ralph, 2006; Kessels & deHaan, 2003) . While there is conflicting evidence regarding whether errorless or errorful learning is more effective for language rehabilitation, both have been shown to have positive effects (Conroy, Sage, & Lambon Ralph, 2009; Middleton & Schwartz, 2012) .
The goal of CCT for participants in the current study was to increase the efficiency of the coarse coding process itself, in an attempt to reap broadbased benefits of the treatment. Thus the aim of CCT was to facilitate narrative comprehension and other comprehension outcomes that are hypothesised or demonstrated to be related to coarse coding. Generalisation to narrative comprehension was the primary outcome of interest. In addition, response generalisation was assessed to untreated items, to document improvement in the underlying coarse coding process. While the magnitude of gains on treatment probes typically is a major focus in language treatment studies, treatment-related effect sizes are of much less importance for this study than the generalisation measures. Additionally, because the focus of CCT is to speed accurate but inefficient comprehension processes, the typical measures of treatment-contingent effect sizes may not be as meaningful as they are for aphasia or other language treatments in which the purpose is to improve accuracy.
To examine the theoretical claim that coarse coding is a partially domaingeneral process, we also assessed generalisation to the processing and interpretation of non-literal language. It has been proposed that adults with RHD have a specific deficit in processing metaphors and other non-literal language (e.g., Klepousniotou & Baum, 2005; Lundgren, Brownell, Cayer-Meade, Milione, & Kearns, 2011) . However, in line with several theories on the continuity of literal and non-literal language processing (Coulson & Van Petten, 2002; Grady, Oakley, & Coulson, 1999; Pynte, Besson, Robichon, & Poli, 1996) , it is also possible that difficulties with the activation and maintenance of metaphoric meanings reflect a special case of coarse coding in which the non-literal meanings reflect subordinate or distant meanings . In this case, improving the coarse coding process should facilitate access to metaphoric meanings, and improve interpretation of metaphors and perhaps other non-literal language forms. We evaluated this hypothesis by (a) tracking response generalisation to lexical metaphor stimuli and (b) examining stimulus generalisation to the metalinguistic interpretation of phrasal metaphors (e.g., The teacher is a sleeping pill) and indirect language.
This manuscript extends the investigation of CCT that is described in previous reports, including Phase I results (Tompkins, Blake, Meigh, & Wambaugh, 2011) and treatment outcomes and generalisation to auditory narrative comprehension for one participant (Tompkins, Scharp, Meigh, Blake, & Wambaugh, 2012) . This pre-efficacy study (Phase II based on Robey, 2004 and Robey & Schultz, 1998) was designed to validate procedures and evaluate the potential benefits of the treatment for broader comprehension processes prior to investing in more complex and costly case series or randomised controlled treatment studies (Gonzalez Rothi, 2006; Robey & Schultz, 1998) . Fully expecting that CCT will result in treatment-contingent gains, as indicated by faster responses to the probe stimuli, the major hypotheses for this study were as follows: (1) Gains from CCT will generalise to narrative comprehension; (2) response generalisation will occur to untreated items and lexical metaphoric meanings, in the latter case consistent with the hypothesis that activating these meanings is a special case of coarse coding; (3) gains from CCT will generalise to the explicit interpretation of non-literal language (non-lexical metaphors and indirect requests); (4) no change in control task performance will be observed, indicating that CCT stimulates coarse coding processes and that the gains of interest are not due simply to practice effects or general cognitive stimulation.
METHODS

Participants
Participants were three males and one female with a cerebrovascular accident (CVA or stroke) in the right cerebral hemisphere verified by CT and/or MRI scan report, recruited from the two study sites: Pittsburgh, PA and Houston, TX. Three participants were included to investigate across-participant replication (Thompson, 2006) of the results from the fourth, Mr. R, whose positive response to treatment was reported in a previous manuscript (Tompkins, Scharp, et al., 2012) . Mr. R's data are included here as well, for comparison purposes. All participants were right handed, native speakers of American English with no history of psychiatric or neurological disease (other than stroke) or substance abuse. Demographic and clinical data are provided in Table 1 . An extensive hearing screening was conducted on each participant to ensure adequate hearing for the auditorily presented treatment tasks. Study participants had to have pure tone thresholds within one standard deviation of age and sex-related norms (Beaver Dam Norms; Cruikshanks et al., 1998) at 500, 1000, 2000, and 4000 Hz. Additionally, all participants had to pass a speech perception screening using the Northwestern University Test #6 (Tillman & Carhart, 1966) , presented at a level 40 dB greater than the pure tone average (PTA) for the better ear. "Passing" was based on the percent correct falling within the 95% confidence interval norms published by Dubno and colleagues (Dubno, Lee, Klein, Matthews, & Lam, 1995) . To ensure audibility of study stimuli, hearing profiles based on PTA results were created for all participants who had a hearing loss but no hearing aids. All auditory stimuli for this study were frequency shaped in Adobe Audition to match each hearing profile. Specifically, for each profile, the intensity of the stimulus signal was adjusted within eight frequency bands, to mimic the results a hearing aid would provide. Intensity was increased at 4 and 8 KHz for all hearing profiles, and also at 2 KHz for profiles 2 (mild-moderate loss), 3 (moderate-severe loss) and 4 (severe loss). For profiles 3 and 4, intensity was simultaneously decreased for the remaining frequency bands (63, 125, 250, 500, and 1000 Hz) .
Ancillary tasks, including measures of working memory, neglect, and immediate and delayed memory, were administered to characterise the participants (see Table 2 ). On all of the ancillary measures, all four participants fell within the range of performance for the RHD group from the original studies of coarse coding .
Diagnostic task and procedures
Coarse coding deficits were identified using the auditory lexical decision task and methods from Tompkins and colleagues' original study . The probe stimuli were 15 short, semantically neutral sentences that ended with a common concrete, unambiguous noun (e.g., "There was a piano") followed by a 175 ms inter-stimulus interval and then a phoneme string (see Appendix A for all diagnostic and treatment stimuli). The participants' task was to indicate whether the phoneme string was a real word or a non-word by pressing either "yes" or "no" on a manual response box. For experimental items, the phoneme string was a common, concrete, unambiguous noun that was distantly related to the sentence-final noun (e.g., SONG). "Yes" was the correct response for all experimental coarse coding items. The 15 experimental items were divided into two sets; each set was interspersed with 20 filler items. The filler items were similar neutral sentences ("There was mustard") followed either by non-words (e.g., FURNIBO), more closely related words (SPICY), or unrelated words (TEAMMATE). Overall, 60% of the diagnostic task items required "yes" responses (of these 50% were experimental items; 20% closely related; 30% unrelated). To remind participants to keep responding quickly, a "ding" (standard Microsoft Windows bell sound) was presented after the phoneme string on 60% of the filler items.
Extensive validation of the probe stimuli was conducted (see Tompkins, Scharp, et al., 2012, for details) . Distantly related features were determined using the procedures described in the introduction. Additionally, for experimental items, sociodemographically appropriate raters verified that sentence-final nouns and real-word targets were semantically distant. Real-word phoneme strings were matched on a variety of lexical properties, including abstractness, prosodic features, log frequency, and mean reaction time (e-lexicon; Balota et al., 2002) .
A secondary word-monitoring task was added to encourage participants to attend to the sentences, given that the lexical decision could be made without doing so. Before the list of stimulus probes was presented, participants were told to listen for a specific word that was printed on a 3 ′′ ×5 ′′ card and set on top of the response box, in clear view for the participant. This word was always the sentence-final word of a filler item that appeared within the last five items of a set. This word-monitoring task has been used successfully in previous studies of language processing in RHD without interfering with
fast, accurate performance on the primary task . Responses to the word-monitoring task were uniformly highly accurate, and will not be discussed further.
All stimuli were presented auditorily using EPrime software (Schneider, Eschman, & Zuccolotto, 2002 ) on a Dell Latitude E6400 laptop. Signals were routed through an Anchor Audio AN 130 BK speaker. Auditory presentation levels were set individually, based on each participant's hearing profile and the ambient environmental noise 1 . Participants made "yes"/"no" responses on an EPrime serial response box, using a single finger to respond to all items. Between items, participants rested that finger on a space equidistant from the "yes" and "no" response buttons. Participants were instructed to respond as quickly and accurately as possible.
Participants who were too slow or inaccurate on over half (e.g., eight or more) of the experimental diagnostic items were identified as having a coarse coding deficit. None of the participants made more than five errors, indicating that their lexical decision performance was clearly above chance. "Too slow" was defined with reference to the median reaction time (RT) for each experimental item obtained from the healthy adult control group from the original coarse coding study , that was then adjusted for the degree of generalised slowing that has characterised RHD participants in our prior research (e.g., Tompkins et al. 2000; Tompkins, Scharp, Gibbs-Scott, & Meigh, in preparation) . Specifically, the median per-item RTs of the control group were multiplied by 1.5. For the current study, RTs that were at least 1.5 SD slower than this adjusted median were considered "too slow", and potentially indicative of a coarse coding deficit. Slow responses in and of themselves may not reflect a language processing deficit; however, each of the RHD participants who had particularly slow responses to the Coarse Coding task, even after adjusting for generalised slowing in RHD, also had impaired discourse comprehension.
In addition to the Coarse Coding task, participants completed the Immediate and Delayed story retell task from the Arizona Battery for Communication Disorders (ABCD, Bayles & Tomoeda, 1993) to rule out incipient dementia, and a baseline manual reaction time task. The diagnostic session lasted approximately 90 minutes. 1 Presentation level was 15 dB greater than the ambient environmental noise (per sound level meter), except when environmental noise was low. In that case, presentation level was either 65 dB (for participants with normal or corrected to normal hearing), or 80 dB (for participants with hearing loss and no hearing aid). 
Treatment tasks and procedures
Experimental design
This study used a single-subject controlled experimental design across subjects and behaviours. The design included both a multiple baseline across subjects component and a multiple probe across behaviours (treatment lists) component. The experiment consisted of four phases: baseline, treatment, maintenance (sessions that occurred immediately after treatment of one list and prior to initiation of treatment on another list) and follow-up (see Appendix B for outline of sample sessions across phases). The primary outcome was stimulus generalisation to narrative comprehension. Secondary outcomes were response generalisation to untrained items and lexical metaphor processing, and stimulus generalisation to interpretation of nonliteral language (phrasal metaphors and indirect speech acts). Acquisition and maintenance of treated items also were tracked over time.
As per expectations of single subject experimental designs (e.g., Byiers, Reichle & Symons, 2012; Kratochwill et al., 2010; Thompson, 2006) , the study included repeated baseline probing until stability was observed, to use as reference points for evaluating the nature of changes on the treatment items themselves and, most importantly in this study, the generalisation effects of the treatment. Repeated measurements/probes within and between phases of the design were administered to allow valid interpretations of observed changes. Generalisation probes at each change of phase allowed documentation of when reliable change has occurred. The probe and treatment tasks were identical to the lexical decision tasks used in the diagnostic session, as derived from our prior studies of coarse coding. We note that lexical decision performance in treatment itself is not a critical element or outcome of CCT -it is self-evident that a response that is slow will get faster as it is practised over time. The lexical decision task is merely the engine through which we aim to facilitate the coarse coding process. The active ingredient of the treatment is the repeated presentation and removal of the context sentences that bias particular semantic features.
For all probe and treatment lists, accuracy and RT were monitored. Although accuracy varied across participants in the diagnostic session (see Results section), accuracy was high (minimum of 88%) throughout study phases for all participants, thus it will not be discussed further. All subsequent references to RTs are for accurate responses only.
Probe task
The probe stimuli (neutral sentences followed by a phoneme string) and task (lexical decision) were based on the experimental/diagnostic items described above. All stimuli were extensively piloted and validated using methods similar to those for the diagnostic items. Three stimulus lists were created, each with 15 experimental and 10 filler items. Sixty percent of items required "yes" responses. Across lists, items were matched in terms of semantic fit (based on ratings from piloting) and response time to the real-word phoneme string (e-lexicon, Balota et al., 2002) . Additionally, three versions of each list were created by changing the order of stimuli following a set of controls, including beginning/ending each list with filler items, changing protagonist gender (he/she/it) in successive items, using no more than three experimental items in succession, and separating themes that could be construed to be related. The presentations of the lists, and versions of each list, were counterbalanced within and between participants.
Lists 1 and 2 were treatment lists. List 3 was a response generalisation list, described below in the Outcome measures section. The dependent variable was the percentage of accurate responses to experimental probe stimuli that met a pre-set response time criterion (%Crit). This criterion, calculated independently for each list and ranging from 368-385 ms, was one standard deviation slower than (i.e., worse than) the mean achieved by the non-brain-damaged control participants in a prior study of coarse coding . This criterion was considered to reflect a substantial change in response time, and was used to make objective decisions about when to begin different phases of treatment (ending baseline and beginning treatment, ending treatment and beginning maintenance, etc.).
Baseline phase
Baseline sessions began with presentation of each of the three probe lists. The outcome measures and ancillary tasks to measure clinical variables were distributed across the first five baseline sessions. These sessions lasted approximately 90 minutes each.
A minimum of five baseline sessions was conducted with each participant and additional sessions were conducted as needed until stable performance was obtained for at least one of the two treatment lists. Stability was defined as improvement in %Crit by no more than one item (6.7%) or a decrease in %Crit over three consecutive baseline sessions. The four participants required from five to eight sessions to meet the stability criterion on at least one of the two treatment lists.
Treatment and maintenance phases
Treatment stimuli and task. As described in the introduction, CCT is designed to facilitate engagement of bottom-up, context-independent coarse coding processes to activate the distantly related features of nouns (e.g., SONG as a feature of PIANO). The context sentences in the treatment hierarchy were designed to strengthen the neural pathways that support coarse coding, by repeatedly pairing the nouns of interest with their semantically distant target features, and eliciting fast and accurate connections between them.
The treatment involved two levels of contextual constraint preceding the probe stimuli. Context sentences were created to strongly or moderately bias interpretation towards the distantly related semantic features of the sentence-final word of the probe stimulus (see Table 3 and Appendix A). The first sentence was strongly biased, and the second sentence moderately biased toward the target feature. Strength of bias was established via extensive piloting and validation, in which healthy older adults rated how strongly a sentence was related to its corresponding target word. On a scale of 1 to 10, sentences with average ratings between 8 and 10 were defined as strongly related, and those with average ratings of 5 to 7.9 were defined as moderately related. Mean ratings were 8.80 and 6.67 for strong and moderately biased sentences, respectively.
A treatment hierarchy was created to exploit the use of contextual bias to prime the target semantic features. In the first level (Strong bias), both context sentences were presented prior to the probe sentence and target: "She heard the melody. She forgot the words. There was a piano -SONG." If a participant's (accurate) response was sufficiently fast, the strongly biased sentence was removed, and the probe sentence was preceded only by the moderately biased sentence: "She forgot the words. There was a piano -SONG." If the response again met RT criterion, then only the probe sentence was presented prior to the target phoneme string. If the response once more met criterion, the treatment moved back up the hierarchy, and onto the next item.
If the participant responded too slowly at the strongest level of contextual bias, the full item was repeated. If the response still did not meet criterion the treatment moved to the next item. If a slow response was given at the other levels of the hierarchy, the treatment moved back up the hierarchy one level (e.g., a too slow response on the moderately biasing level triggered a re-presentation of the strongly biasing level). Sufficiently fast responses triggered a move back down the hierarchy. The RT criterion for progression through the treatment hierarchy was calculated individually for each participant and each treatment list. Specifically, the target RT for a treatment list was the average of a participant's RTs, during the baseline phase of the study, to the experimental items within the probe list associated with that treatment list.
Participants were instructed that they would hear "up to two sentences" preceding the final sentence and target word. They were not instructed to pay attention to these additional sentences; instead, they were told to answer as quickly as possible whether or not the target was a real word. The word-monitoring task also was included in the treatment solely to induce participants to listen carefully to the stimuli. As with the diagnostic task, responses to word monitoring were consistently accurate and will not be discussed further.
Probing schedule. An outline of the probing schedule is provided in Appendix B. One of the three versions of the experimental list that was entered into treatment was probed at the beginning of each treatment session. The second experimental list was scheduled for probing once at the estimated midpoint of treatment (estimated based on each participants' daily performance on the treated list) and then was probed in the maintenance phase until stability was obtained. List 3 was probed approximately every third session during treatment.
Treatment methods. Treatment sessions were scheduled 2-3 times per week. After all scheduled probes, treatment commenced. Each treatment list included 15 experimental items and 10 filler items arranged according to the same criteria used for probe lists. The order of stimuli in a treatment list differed from the order in the probe list. Each treatment session lasted approximately 30 minutes although the total amount of time depended on how many iterations of the treatment hierarchy were triggered for each item.
Treatment sessions continued until %Crit on the associated probe list reached and remained at or above 80% for three consecutive sessions. At that point, the first treated list was put into maintenance, and baseline probing began for the second treatment list. Once stability was obtained, treatment began on that second list and continued in the same manner until %Crit on its associated probe list again reached and remained at 80% over three consecutive sessions.
Follow-up phase
Follow-up sessions were conducted at approximately one, two, and three to four weeks after completion of treatment on the second of the two lists. During each follow-up session all three lists were probed. The outcome measures were administered in at least one of the three follow-up sessions. Follow-up sessions each lasted approximately 90 minutes.
General procedures
Six examiners were trained to conduct the diagnostic and treatment sessions. All had to achieve at least 80% accuracy on a written test of procedures and demonstrate competency in conducting a session to at least one other team member. All sessions were video recorded for later reliability analyses. Each participant was tested by no more than two examiners. Testing sessions were conducted either in a quiet room at the participants' homes or in the first author's laboratory at the University of Houston. Equipment set-ups were the same at both sites. Recording of the stimuli as well as EPrime programming and data analysis took place in the second author's laboratory in Pittsburgh.
Outcome measures
Stimulus generalisation. The primary measure of generalisation to broader outcomes was the Discourse Comprehension Test (DCT; Brookshire & Nicholas, 1993) . The DCT consists of short (14 sentence) humorous stories about familiar activities, followed by eight true/false questions. The questions probe details and main ideas that are either explicitly mentioned or implied. There are 10 stories divided into two sets of five. The entire test was administered once during the baseline sessions. Probing in subsequent phases was conducted on only one set, to reduce the potential effects of repetition. The order of set presentation was counterbalanced within and across participants. The dependent variable was the total number of correct responses to the comprehension questions.
To assess generalisation to interpretation of non-literal language, posited to be subserved by the partially domain-general coarse coding process, additional measures included the Metaphor Interpretation and the Speech Act Interpretation subtests of the Protocole Montreal d'Evaluation de la Communication (MEC; experimental English version; Joanette, Ska, & Côté, 2004 ). The Metaphor Interpretation task consists of 10 novel metaphors (e.g., The teacher is a sleeping pill) and 10 idioms (e.g., Mary let the cat out of the bag). If participants do not generate a complete, accurate meaning, they are presented with multiple choice options. The Speech Act Interpretation subtest consists of 20 two-sentence vignettes in which a character makes a statement or asks a question. In half of the items the statement/request is direct, and in the other half it is indirect. Participants are informed that some sentences contain an insinuation while others do not. If the participant gives an incomplete or incorrect interpretation of what the character meant, multiple choice options are provided. All items in these subtests were scored in accordance with test scoring guidelines (correct ¼ 2 points, incomplete/imprecise or requiring the multiple choice option ¼ 1, incorrect ¼ 0). The dependent variable for the Metaphor Interpretation subtest was the total score for the metaphors only (maximum ¼ 20), and for the Speech Act Interpretation subtest only the indirect statements/ request items were scored (maximum ¼ 20).
Response generalisation. Response generalisation to untrained items was measured on a Coarse Coding Generalisation Task, which consisted of five probe stimuli that were in the diagnostic set but were not included in treatment. Response generalisation would be evident if, after treatment, speed of response on these items exceeded the criterion used in the diagnostic task.
Response generalisation to lexical metaphor processing was assessed using the untreated List 3 (see Appendix A). Each sentence in List 3 ended with a homophone with a metaphoric subordinate meaning (e.g., "It was plush"). The target phoneme string reflected the subordinate, metaphorical sense of the word (e.g., FANCY). In order to provide a test of whether access to metaphoric meanings might be a special case of coarse coding deficit, the relative semantic distance of the metaphoric meaning to the sentence-final word (using Maki, McKinley, & Thompson, 2004, norms) , and a variety of other lexical properties were matched to the literal features of the items in the treatment lists. Just as for the two treatment lists, the participants' task was a lexical decision, and the correct response to all experimental items was "Yes". Filler items were followed by a non-word, for which the correct response was "No."
Control measures. One of three possible control measures was selected for each participant. Given the heterogeneity of the RHD population and the lack of consistent pattern of deficit co-occurrence, a variety of potential control tasks was administered: the Emotional Prosody Production subtest from the MEC (Joanette et al., 2004) ; the Judgment of Line Orientation test (JLO; Benton, Hamsher, Varney, & Spreen, 1983 ) and the Visual Form Discrimination task (VFD; Benton, Sivan, Hamsher, Varney, & Spreen, 1994) . These tasks were administered twice during the baseline sessions to assess stability on the measures because none has a reported standard error of measurement. Ideally, the measure on which a participant demonstrated impairment yet a relatively stable performance was selected as the control measure for that individual. However, some participants were impaired on only one of the three measures, and thus it was selected even if performance was quite variable. Post-treatment scores (assessed in the phase change/maintenance period immediately post-treatment and CONTEXTUAL CONSTRAINT TREATMENT FOR COARSE CODING in the follow-up phase) were interpreted in comparison to baseline administrations such that interpretable change was only considered to have occurred if the scores exceeded the variability exhibited in baseline sessions.
RESULTS
Diagnostics
Out of the 15 experimental diagnostic items, Mr. R was too slow/inaccurate on 12 items (5 errors, 7 correct but slow); P101 on all 15 (1 error, 14 correct but slow); P113 on 13 (5 errors, 8 correct but slow); and P206 on 12 of 13 items (2 errors, 10 correct but slow; no response to 2 items).
Probe list gains
Faster response times on probe lists were expected from the repetition of the probe lists and repeated exposure to the treatment hierarchy. As noted earlier, the primary outcome was narrative comprehension, and the more important and interesting findings relate to generalisation to broader outcomes. However, for completeness, and per convention for single subject experimental design, results and figures for probe list gains are provided in Appendix C.
Broader outcome measures
Stimulus generalisation. Data for all generalisation and control measures are shown in Table 4 . The primary generalisation measure was percent correct performance on the DCT. Improvement on the task was interpreted only if the changes exceeded the standard error, which was one point (i.e., 1.25%), to account for potential effects of repetition. Changes over time, apparent for the four participants, are not likely to be due just to repetition, as the task was divided into two sets of five stories and each set typically was administered only twice throughout the study (a third administration occasionally occurred at final follow-up). Additionally, there was both positive and negative change across participants over time, suggesting that participants were not simply remembering the stories.
Generalisation to narrative comprehension varied across participants (see Table 4 ). Mr. R showed evidence of improvement from baseline to posttreatment on the overall DCT score and the gains were maintained into the follow-up period. P101 showed evidence of some improvement from baseline to the first follow-up, with additional gains at the third follow-up. P113 improved from baseline to the first follow-up, but then declined back to baseline levels at the third follow-up. P206 exhibited a decline in x ¼ diagnostic session; DCT ¼ Discourse Comprehension Test (Brookshire & Nicholas, 1993) ; MEC ¼ Protocole Montréal d'évaluation de la communication (Joanette et al., 2004) ; emotional ¼ emotional prosody repetition; CC ¼ coarse coding; VFD ¼ Visual Form Discrimination task (Benton et al., 1994) ; JLO ¼ Judgment of Line Orientation (Benton et al., 1983) * Change exceeding standard error;^Change exceeding baseline variability.
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DCT scores immediately following treatment, but then showed evidence of improvement beyond baseline levels by the third follow-up. For all participants, performance on the subset of questions that required an inference followed the same general pattern as the overall scores.
The other two language measures hypothesised to be related to coarse coding were interpretation of phrasal metaphors and indirect speech acts. Neither of these measures has standard error data, so they were administered twice during baseline sessions to obtain an estimate of variability. Participants were particularly variable on repeated administrations of the metaphor subtest, making it difficult to interpret any potential changes related to treatment. P113 was the only participant for whom positive change on the Speech Acts task exceeded the range of variability obtained in the baseline sessions. No clear gains were seen on either measure from baseline to post-treatment or follow-up phases for the other participants.
Response generalisation. One measure of response generalisation was the Coarse Coding Generalisation Task. All four participants showed evidence of generalisation on this task, improving substantially from scores of 0/5 or 1/5 during the diagnostic session. All but P101 achieved 5/5 in at least one post-treatment session (either immediately post-treatment or during follow-up sessions).
Response generalisation to lexical metaphor processing was assessed by %Crit on List 3. P101 was at 0% on this list during baseline, along with the two treatment lists. She clearly showed evidence of improvement related to treatment. For the other three participants, performance on List 3 was quite variable during the baseline sessions, but plateaued during treatment, with a slight increase in %Crit for P113 but little or no change for Mr. R and P206. In broad terms, the effect sizes for List 3 were similar to those for the treated lists for all participants, suggesting that there was only slight generalisation to lexical metaphor processing, if any.
Control measures. There were no systematic changes in the control measures for any participant. The control task for Mr. R was the MEC Emotional Prosody production, in which the change seen at follow-up was within the range of variability obtained during baseline. The VFD was the control task for P101 and P113. Performance by these two participants was variable during baseline, and positive changes seen post-treatment were within the range of their baseline variability. The JLO was the control measure for P206. He showed no change immediately following treatment, when stimulus-and response-contingent generalisation was observed. However, he did exhibit a 5-point increase between the first and third follow-up sessions. 
DISCUSSION
There are large gaps in the literature and in our understanding of treatment for language processing deficits associated with RHD. This pre-efficacy study provides evidence of generalisation to narrative comprehension from four participants treated with an implicit, contextual constraint stimulation treatment for a basic language processing deficit -coarse coding.
The purpose of CCT is to provide implicit contextual stimulation to facilitate inefficient basic comprehension processes, including coarse coding. This treatment differs from traditional language treatments, both for deficits associated with RHD and aphasia, in several ways. First, it is implicit, tapping more natural comprehension processing by removing metalinguistic and memory demands required in other treatments, such as the metaphor treatment for adults with RHD (Lundgren et al., 2011) . Second, the intent is to improve the speed and efficiency of coarse coding with outcomes based on speed rather than accuracy. Third, the overall focus is on a partially domain-general process with the potential to generalise broadly. Thus, the goal is to effect change in narrative comprehension and other broader outcomes.
As expected, due to repeated stimulation with the same items over time, participants showed evidence of faster RTs and higher %Crit on probe lists. The gains are not simply due to repeated exposure to the items as there was response generalisation to untrained stimulus probes. Three of the four participants had 5/5 fast, accurate response to these items following treatment (either immediately post-treatment or during the follow-up). These results indicate that the implicit stimulation-facilitation treatment increased the efficiency of the coarse coding process. Nonetheless, these effect sizes and response generalisation data do not get to the heart of the results: that meaningful changes in narrative comprehension were observed for three of the four participants.
The increased efficiency of the domain-general coarse coding process positively affected narrative comprehension. Generalisation to the DCT was evident for three of the four participants. In each case, participants had fewer errors on the DCT questions following treatment. There was some variability in performance in the maintenance and follow-up phases, which is not unexpected in single-subject experimental designs. While there were some instances of decreased performance by two participants, it is possible that those changes were due to reduced attention or fatigue during those particular sessions, as the trend over time for all participants was improvement in discourse comprehension. As noted above, the improvements on this task are not likely due to repetition effects because all reported changes were greater than the standard error for the test. Mr. R and P101 exhibited improvements immediately after treatment that were maintained through the follow-up period. P113 showed evidence of gains during follow-up. P206 also showed evidence of improvement, but not until the final follow-up session. The reason for his post-treatment gains (in narrative comprehension as well as in the control measure) is unclear, but does not seem to be related to the treatment itself, as the gains did not appear until approximately one month following the end of treatment. P206 was the only participant who had visuospatial neglect, and perhaps the broader attentional deficits associated with neglect somehow affected his response to treatment and/or contributed to his fluctuating performance on several of the outcome measures.
The inability to attribute probe list improvement to treatment (per the CDC method) for three of four participants raises the question of whether or not the observed generalisation effects would occur without the provision of CCT per se, and with only simple repetition of the probes over time. The strongest argument against the effect of simple repetition is that improvement on untreated items on the CC generalisation task was exhibited by all four participants. The first two administrations of this task (in baseline and maintenance phases for most participants) were separated by a minimum of two months, reducing the chance that a repetition effect was in play. Additionally, the changes between repeated administrations of the probe lists generally did not exceed two out of 15 items, while changes seen in the generalisation block ranged from three to five items out of five possible.
Despite this strong generalisation, the effect of repetition is an interesting empirical issue. It is noteworthy that the most impaired participant, who did not improve with repeated exposure during the baseline sessions, was the one for whom probe list gains could be attributed to treatment. Perhaps patients with baseline profiles like hers need the CCT treatment package, and patients who make baseline improvements could make generalised gains more efficiently, without the actual treatment component.
Given the partially domain-general nature of coarse coding, it was predicted that benefits of more efficient coarse coding also would generalise to non-literal language processing. The results for List 3 are inconclusive. The effect sizes are of the same general magnitude as those on the treated lists. Inspection of the figures, however, indicates that while P101 showed steady improvement throughout the course of treatment, the other three participants seemed to maintain the level obtained during the baseline phase. It is not possible to determine whether the maintenance is a result of CCT, or if the probing was just frequent enough for the participants to sustain performance over time.
List 3 was specifically designed to assess the hypothesis that non-literal meanings of lexical metaphors may be a special case of coarse coding. The semantic distance between the metaphoric meaning and the core meaning of the sentence-final noun was matched to that of the literal features and core meanings in the treated lists so the absence of strong generalisation cannot be attributed to metaphoric meanings that were too peripheral. One possible conclusion is that metaphoric meanings are not processed in the same manner as distant literal features. According to Giora's (1997) Graded Salience Hypothesis, the RH is important for processing novel, unfamiliar metaphoric meanings (e.g., Giora, Zaidel, Soroker, Batori, & Kasher, 2000; Mashal, Faust, Hendler, & Jung-Beeman, 2007) . It is possible that the lexical metaphors were too common (too well-known), and did not rely on RH processing. However, the metaphorical meanings were determined to be of similar semantic distance compared to the literal features in the experimental lists. Additionally, if the issue was related to familiar, common metaphorical meanings that are processed in the intact left hemisphere, then the participants should not have exhibited any deficits on List 3.
Another possible reason for lack of strong generalisation to List 3 results is that metaphoric meanings are more "complex" in some ways than literal meanings. It has been established that treatment of more complex items generalises to more simple items, but not vice versa (Ballard & Thompson, 1999; Geirut, 2001; Kiran & Thompson, 2003; Thompson, Shapiro, & Sobecks, 2003) . Perhaps treatment of metaphoric meanings would generalise to distant literal meanings. To test this, future studies may involve treatment of List 3 and assessment of generalisation to List 1 or 2.
The predicted generalisation to non-linguistic processing, as measured by the MEC subtests of metaphor and indirect speech act interpretation, was not apparent. There are several possible explanations for this. First, the selected subtests require participants to explain what a phrase or statement means. This type of task is clearly metalinguistic, potentially creating extra difficulty for adults with RHD. It is also less natural to explain meaning or intent as opposed to responding to meaning, and likely requires additional processing that was not targeted in the treatment. However, the indirect speech act stimuli were quite conventional and three of the four participants were generally quite accurate at the task. There also appeared to be a learning effect. In the task, if the participant's response is incomplete or incorrect, multiple choice options are provided. The participants with the lowest initial scores had relatively large increases in the second baseline administration, suggesting that they remembered the presented options and used those to create their answers the second time. Questions about the stability of the measure also come from the substantial variability (up to 15% change) on repeated administrations within the baseline sessions.
In future work, other tasks will be administered to test the domain-generality of the coarse coding process via treatment effects. One possibility is a test of the generation of tool-based inferences. These inferences occur when comprehenders infer that a particular tool was used although it is not mentioned (e.g., when presented with "he pounded in the nail", most comprehenders will infer that he used a hammer). Activation of other possible tools (e.g., brick, rock, wrench) that could be used to pound in a nail may be linked to coarse coding, as they are distantly related to the action. Another possible generalisation measure is comprehension of inferential ambiguities (e.g., She slowly walked down the aisle -grocery store vs. wedding interpretation; Tompkins et al., 2001 , Tompkins, Fassbinder, Blake, Baumgaertner, & Jayaram, 2004 , in which multiple possible interpretations are generated. Previous work has suggested that adults with RHD can generate multiple contextually appropriate alternatives (Tompkins et al., , 2004 . However, it is becoming apparent that coarse coding deficits are less common than suppression deficits 2 , so the group results from the studies of inferential ambiguity processing may obscure problems from the few participants with coarse coding deficits. Individuals with both suppression and coarse coding deficits may generate multiple inferences, but still not generate those that are particularly remote or peripheral.
Importantly, the fact that there was no meaningful change in the control tasks (production of emotional prosody and visuospatial processing) suggests that the effects of the Contextual Constraint Treatment were not simply due to generalised cognitive stimulation. The one exception is P206, who had a large increase in the number of correct items on the JLO in the final follow-up session, along with improved DCT scores. These changes are not likely to reflect a generalised benefit to cognitive processing because they occurred only during the final session which took place approximately one month after the final treatment session. Additionally, there were no corresponding increases in performance for List 2 or 3 in that final testing session, as might be expected if there were generalised improvements.
In summary, the results from the four participants indicate that CCT resulted in generalised gains to narrative comprehension for three of the four participants. As expected, treatment-contingent gains were obtained on the probe stimuli and there was strong generalisation to untreated stimuli. There was no strong generalisation to lexical metaphor processing or to the other non-literal language assessed.
Some limitations of the current study that need to be addressed in future work include the addition of a control group with comprehension deficits not related to coarse coding, to determine whether the treatment specifically facilitates coarse coding processes. Additionally, in future studies inclusion criteria should include a comprehension deficit, to ensure that all participants indeed have the deficits that the treatment targeted. Finally, a larger set of generalisation probes would provide more solid evidence for the efficacy of the treatment.
2
Our diagnostic procedure involves assessment of both coarse coding and suppression. To date, of the 47 participants tested, 2 had only a coarse coding deficit and 17 had only a suppression deficit. An additional 14 exhibited both deficits. Several extensions of this treatment are currently under way, including the enrolment of more participants so we can better understand potential individual differences in responses to the treatment. We are also examining doseresponse patterns and generalisation to aspects of social communication. The number of stimulus repetitions and/or treatment sessions required to achieve treatment gains is important to gauge the efficiency as well as the effectiveness of a treatment. To examine dose-response patterns at a more precise level than number of treatment sessions, the number of "failed" treatment trials -those for which a participant responds inaccurately or too slowly even at the strongest level of contextual constraint -also will be counted. It is predicted that participants who have more failed trials will take longer to reach criterion on the probe task, and will require more trials and sessions to show generalisation to discourse comprehension. Examination of broader social communication outcomes, as measured by participant and significant other reports on the Social Relations scale of the Burden of Stroke Scale (BOSS; Doyle et al., 2004 Doyle et al., , 2007 and Conversational Focus and Conversational Effectiveness factors from the LaTrobe Communication Questionnaire (Douglas, Bracy, & Snow, 2007; Douglas, O'Flaherty, & Snow, 2000) also is under way. If, as hypothesised, coarse coding is domain-general and affects comprehension processes on multiple levels, then communication breakdowns and misinterpretations that commonly occur after RHD could be positively affected by treatment that facilitates coarse coding processes.
Future work could examine the neural correlates of treatment to explore possible relationships between lesion size/location and response to treatment. The use of functional brain imaging pre-and post-treatment would help elucidate neural changes that occur as a result of the treatment, and would provide greater understanding of the processes of interest and the effects of the treatment.
13. There was a camera -Landscape She enjoyed the scenery. She wanted to remember the scenery. 14. There was a cavern -Moist
The walls were damp. Moss was everywhere.
15. It was pine -Clean The bathroom was spotless. The odour on the mop still lingered.
APPENDIX C Probe list gains
Probe %Crit data for all probe lists for all phases of treatment are provided in Figures 1-4 . Two methods were used to interpret the treatment effects (data provided in Table 5 ). The conservative dual criterion (CDC) method (Fisher, Kelly, & Lomas, 2003) controls for Type I error even when there is a high degree of autocorrelation. Using the CDC method, two criterion lines are created from the baseline data: a mean line and a trend line. Both lines are then adjusted by 0.25 standard deviations (SD calculated from the baseline data) in the expected direction -in this case, upward, to reflect a positive treatment effect -and are extended into the treatment phase on the graph. Fisher et al. (2003) provide criteria for the number of data points that must fall above both lines in order to conclude that positive change on the probe items is systematic and associated with the treatment. For the second method, effect sizes for change from baseline to treatment and from baseline to the follow-up were calculated using the d-Index (Bloom, Fischer, & Orme, 2003) . This statistic uses the pooled standard deviation from baseline, treatment, and follow-up phases, which provides a relatively conservative estimate of effect size. The true/original baseline, which includes all probes prior to the start of any treatment with any list, was used. Beeson and Robey's (2006) recommendations for interpreting effect sizes (2.6 ¼ small, 3.9 ¼ medium, and 5.8 ¼ large) are used as a starting point, however they are interpreted cautiously given that they are based on treatments for aphasia in which accuracy is the most important variable, and, more importantly, because the focus of the current study is on generalisation outcomes.
Experimental probe lists %Crit. All but P101 demonstrated some improvement (higher %Crit) during the baseline phase, but our stability criterion was obtained for all participants on at least one of the two treatment lists within 5-8 sessions. All participants made additional gains in %Crit once treatment began.
As shown in Table 5 , for the first treatment list, small to medium effect sizes were obtained for three of the participants. Effect sizes for P101 are inflated due to the lack of variability in baseline performance. Based on the CDC method, only P101 had enough data points above both lines to conclude that the systematic change in probe item responses was associated with the application of treatment. For the other participants, changes could not be unequivocally associated with treatment due to the rising trends in the baseline data. 
